Adult male Wistar rats were given 50 ppm Cd in drinking water over a period of 1-24 weeks. The rats were killed and the cadmium concentration of whole blood, blood plasma red cells, liver and kidneys estimated. The plasma metallothionein concentration was measured by radioimmunoassay. Kidney samples were taken for light, transmission and scanning electron microscopic examination. The accumulation of cadmium in the tissues was shown by a linear increase with time, after exposure for 12 weeks. Plasma Cd concentrations showed a clear increase after 3 weeks and preliminary investigation suggests that most is present as Cd-thionein. Early pathological changes in the rat kidney were seen around the 4-6 week period which coincided with the distinct rise in plasma Cd.
Introduction
The mammalian kidney is a target organ for a wide variety of toxic agents due to its prime function as a blood filter during the excretory process. Cadmium (Cd) is a toxic heavy metal increasingly being recognized as a potential environmental pollutant. Renal tubular damage occurs with long-term exposure and the accumulation of Cd in the kidney after the "critical tissue level" is reached (1) (2) (3) . Some of the Cd carried to the kidney in the blood plasma is bound to a low molecular weight protein metallothionein that is cleared through the glomerulus and absorbed by the proximal tubular cells (4) . The injurious effect of Cd metallothionein has been demonstrated by the occurrence of renal tubular damage immediately following injection of this complex, in contrast to the lack of immediate response in the kidney to a similar injection of Cd chloride (5) . It has been shown that the renal tubular necrosis is, however, related to the Cd content of the metallothionein (6) . Secondary to the renal tubular necrosis is an increase in connective tissue and interstitial fibrosis. In the experiments by Cher-*University of Glasgow, Veterinary School, Bearsden Road, Glasgow, Scotland.
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ian, Suzuki and others, Cd chloride and Cd metallothionein were given by injection. To study longterm effects of Cd exposure, it is necessary to subject the experimental animal to low doses of cadmium over an extended period of time. The results of several experiments where rats were given Cd chloride orally have not shown much evidence of nephropathy, although proteinuria was reported (7) (8) (9) (10) .
We have shown previously (11) that when rats were fed 50 ppm Cd in drinking water over a period of weeks, microscopic examination of the kidneys showed small lesions developing as early as 4 weeks with easily discernable tubular damage and protein casts at 12 weeks when the cortical burden was 30 .tg Cd/g wet weight; at 24 weeks the kidneys had obvious tubulo-interstitial nephritis. This animnal model indicated that measureable kidney damage had occurred at renal cortical Cd concentrations well below the critical threshold proposed for man of 100-200 Cd gg/g. Therefore, this experiment has now been repeated, and by using sensitive biochemical and histological methods, the Cd uptake by blood, liver and kidney has been studied and the early histological changes related to the Cd concentration and the appearance of Cd as metallothionein in circulating blood plasma. 
Results

Biochemical Observations
The accumulation of Cd in rat tissues is shown by the linear increase with time of exposure in both liver and kidney (Fig. 1) . Whole blood Cd (which mainly reflects red cell Cd) also increased linearly with time, but after 12 weeks a steady state was reached with total blood levels remaining fairly constant at 30-33 jg Cd/L (Fig. 2) .
Plasma Cd concentrations are much lower than whole blood Cd (Fig. 2) Figure 3 .
Microscopic Observations
The renal cortex and medulla from all the experimental and control rats were examined with the light microscope. At (Fig. 4) .
Protein casts were present in the medulla (Fig. 5) .
7t In the 12-week Cd-dosed rat the tubular injury was more extensive and an increased number of lesions noted in addition to the glomerular R 6 changes already described (Fig. 6) . Protein casts were again present in the medulla. In the 24-/ 5 week Cd-dosed rat there were obvious areas of tubular necrosis, vascular changes with intersti-41 tial edema and glomerular fibrosis and cell hy-// 4 pertrophy (Fig. 7) . The control kidneys showed no evidence of glomerular, tubular or interstitial in- deposition. Histological changes in the glomerulus at 6 weeks were minor, with some fusion and withdrawal of foot processes, but it was not possible to attribute this directly to the Cd. However, by 12 weeks of Cd dosage, the epithelial cells had increased in size and many organelles were present in the abundant cytoplasm; foot process fusion was a constant finding (Fig. 11 ). Platelets were a feature of the glomerular and interstitial blood vessels. By 24 weeks of Cd dosage, the tubulo-interstitial fibrosis was well established with considerable areas of foot process withdrawal and fusion and thickening of the capillary endothelium.
The scanning electron microscope allows examination of a large area of the surface ofthe cortex. Specimens confirmed the increase in connective tissue and the glomerular epithelial cell appearance was more obvious with foot process fusion and bulbous swelling of the extreme tips (Fig. 12) .
Discussion
The histopathological lesions described above conform to the generally accepted classification of tubulo-interstitial nephritis. The pattern which emerges in the cadmium-exposed rat is that of a progressive nephrotic syndrome affecting first the tubules and surrounding blood vessels and connective tissue with secondarily a glomerular lesion involving the epithelial cells and the capillary loop. Slight changes were first noted at 4-6 weeks when the Cd concentration in the kidney was 6-8 ig Cd/g wet weight, well below the 100-200 gg Cd/g wet weight considered to be the critical organ concentration in man (3, 14) .
The early pathological changes coincide with a distinct rise in plasma Cd. Plasma metallothionein as measured by radioimmunoassay also becomes detectable after 3 weeks on oral Cd dosage. These findings require confirmation but tend to support the hypothesis (2) that excess Cd-thionein may be released from liver stores, transported in the blood to the renal glomerulus, filtered and reabsorbed by the PCT where it is catabolized, releasing Cd ions which cause renal damage. Our study shows that reproducible lesions are observed in the renal cortex with the presence of protein casts in the medullary tubules at much lower Cd concentrations. While these early cellular injuries may be within the repair capacity of the kidney, the later more obvious lesions at 24 weeks with tubulo-interstitial nephritis may not be reversible. These observations were made in the experimental animal at a renal concentration of 60 ig Cd/g wet weight, which is of the same order as that found in humans who are heavy cigarette smokers (15) .
